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An isotopic modification of Sanger’s method for identifying peptide N-termini has been
developed to assist peptide sequencing by tandem mass spectrometry. Tryptic peptides, such
as Val-His-Leu-Thr-Pro-Val-Glu-Lys, are derivatized with an equimolar mixture of 2,4-
dinitrofluorobenzene and [2H3]2,4-dinitrofluorobenzene. Under optimized derivatization con-
ditions, the a-amino group could be derivatized while the e-amine of the lysine side chain and
the imidazole of histidine remained underivatized. The a-dinitrophenyl modified peptides
were characterized by electrospray ionization-tandem mass spectrometry (ESI-MS/MS) and
liquid chromatography (LC)-ESI-MS. The [M 1 H]1 ions showed a doublet pattern with a
Dm/z of 3 and the [M 1 2H]21 ions were recognized as doublets with a Dm/z of 1.5. MS/MS
was employed where both isotopic [M 1 2H]21 ions were alternately subjected to collision-
induced dissociation in the second quadrupole. Fragmentation in the ionization source
generated identical product ion patterns that were observed during fragmentation in the
second quadrupole. In the product ion mass spectra, the N-terminal a and b ions (no c ion
observed) are doublets with a Dm/z of 3 or 1.5, while the C-terminal y and z ions (no x ion
observed) are singlets appearing at identical masses. Thus, the product ions containing the
N-terminus derivatized with a dinitrophenyl group are unequivocally distinguished from the
product ions containing the C-terminus. The dinitrophenyl modification generally enhanced
the production of a and b ions without diminishing y and z ion yields. (J Am Soc Mass
Spectrom 1999, 10, 448–452) © 1999 American Society for Mass Spectrometry
2,4-Dinitrophenyl (DNP) derivatization was firstused to label the N-termini of proteins more than70 years ago [1]. Sanger developed a sequence
analysis method based on N-terminal labeling with the
2,4-dinitrofluorobenzene (DNFB) [2]. Derivatization
with DNFB is well characterized by kinetic studies [3].
DNP derivatization is still widely utilized in analyzing
amino acids [4] but has been replaced by Edman
degradation for routine protein sequencing. Mass spec-
trometry has become a powerful tool to sequence pep-
tides as a stand alone method and to confirm the
peptide sequences elucidated by other means. Gener-
ally, the fragmentation pathways leading to mass spec-
tra are complicated due to the formation of a variety of
ions generated by collision-induced dissociation (CID),
i.e., N-terminal ions of a, b, c series, C-terminal ions of
x, y, z series, immonium ions and internal acyl ions, as
well as ions formed by side chain loss and neutral loss
[5]. It is extremely difficult to assign each product ion
peak. To assist the identification of a, b, c series ions
and x, y, z series ions, isotopic labeling techniques have
been employed [6–12]. The isotopic labeling of a pep-
tide could be on the N-terminus by derivatization with
5-bromonicotinic acid N-hydroxysuccinimide [12] or on
the C-terminus [6–11] by proteolytic digestion in 50%
H2
16O/H2
18O buffer. We have developed a method for
N-terminal isotopic labeling of peptides using an
equimolar mixture of unlabeled DNFB and deuterated
[2H3]2,4-dinitrofluorobenzene ([
2H3]DNFB). [
2H3]DNFB
is simply prepared, inexpensive, and chemically stable;
and dinitrophenylation introduces a characteristic chro-
mophore. The DNP derivatization chemistry benefits
from decades of studies in protein and peptide chem-
istry. The isotopic [2H3(50%)]DNP with a Dm/z of 3
offers better resolution than other isotopic tags with a
Dm/z of 2 such as 79Br/81Br and 16O/18O. This contribu-
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tion demonstrates that [2H3(50%)]DNFB has favorable
characteristics for sequence analysis of peptides by CID.
Experimental
Chemicals
[2H5]Fluorobenzene was purchased from Aldrich (Mil-
waukee, WI). DNFB, guanidine hydrochloride
(GdmCl), amino acids, and the peptide Val-His-Leu-
Thr-Pro-Val-Glu-Lys (VHLTPVEK) were purchased
from Sigma (St. Louis, MO). All acids, buffer salts, and
organic solvents were obtained from Fisher Scientific
(Pittsburgh, PA).
Synthesis of [2H3]2,4-Dinitrofluorobenzene
[2H5]Fluorobenzene (0.5 mmol) was added to an ice
cold mixture of 2.5 mL concentrated sulfuric acid and
0.5 mL concentrated nitric acid. After 10 min at 0 °C, 10
mL of ice cold water was slowly added into the reaction
mixture. The acidic solution was extracted four times (2
mL each) with ice cold water saturated ethyl acetate.
The combined extracts were concentrated to 200 mL
under a stream of dry nitrogen (N2). The crude
product was purified using a small silica gel column
eluted with hexane/ethyl acetate (7:3, v/v). The
fractions containing [2H3]DNFB were pooled and
dried under N2. The yield of [
2H3]DNFB was greater
than 80%. The [2H3]DNFB has been confirmed by UV
absorbance and nuclear magnetic resonance (NMR).
N-terminal Derivatization
The electron withdrawing groups of DNFB promote the
facile aromatic substitution of aqueous nucleophiles,
particularly amines, for fluoride. A tryptic peptide from
hemoglobin, VHLTPVEK (0.2 mmol), was dissolved in
300 mL of 4 M GdmCl (GdmCl increases the solubility of
DNP-peptides) in 0.1 M sodium phosphate buffer pH 7.
An equimolar stock mixture of DNFB (M.W. 186) and
[2H3] DNFB (M.W. 189) was prepared, their actual ratio
was examined as DNP-arginine derivatives using ESI-
MS. 5 ml (48 mmol of total DNFB) of this mixture was
dissolved in 100 mL N,N-dimethyl formamide (DMF),
and then added to the peptide solution. The final
[2H3(50%)]DNFB concentration was ;120 mM, 240-fold
molar excess over the peptide. After reaction at room
temperature for 5 min, 40 mL of concentrated acetic acid
was added to terminate the derivatization. The reaction
mixture was extracted three times (0.5 mL each) with
ether to remove unreacted DNFB and by-product dini-
trophenol.
Chromatography
The [2H3(50%)]DNP-peptide was purified by reverse-
phase HPLC on a Macrosphere 300 C18 column (300 Å,
7 mm, 4.6 3 250 mm) from Alltech (Deerfield, IL). The
elution buffer consisted of (A) 0.1% acetic acid and
0.005% trifluoroacetic acid (TFA) in water and (B) 0.1%
acetic acid and 0.005% TFA in acetonitrile. The column
was eluted at 1 mL/min with a 75 min linear gradient
from 2% B to 75% B. The singly derivatized
[2H3(50%)]DNP peptide was collected based on its
absorbance at 350 nm. This fraction was further acidi-
fied with formic acid to 0.2% for the CID in the collision
hexapole (CID in h) experiment. For CID in the ioniza-
tion source (in-source CID) experiments, on-line liquid
chromatography electrospray ionization mass spec-
trometry (LC-ESI-MS) was employed. The
[2H3(50%)]DNP peptide (;260 pmol) was injected onto
a Vydac (Hesperia, CA) C18 column (300 Å, 5 mm, 1 3
150 mm) and eluted at 30 mL/min by an HP 1100 HPLC
system with similar buffers where 0.05% formic acid
replaced 0.1% acetic acid. The gradient started from 2%
B to 35% B in 10 min, then increased to 75% B at a rate
of 1% B per min. Alternatively, DNP peptides can be
extracted and desalted by adsorption on phenyl-super-
ose (Pharmacia) [13].
Mass Spectrometry
ESI-MS measurements were conducted on a Micromass
Quattro II tandem quadrupole mass spectrometer of
Q1-h-Q2 design (Micromass, Beverly, MA). All mass
spectra were acquired in positive ionization mode.
Sample solutions were introduced into the ESI source
via a 50 mm inner diameter (i.d.) fused silica capillary
either with a Harvard 11 syringe pump (South Natick,
MA) or by an HP1100 HPLC system (Palo Alto, CA). N2
drying gas flow was 5 L/min and nebulizing gas flow
was 250 mL/min. The ion source was heated to 70 °C.
The electrospray needle voltage was 3.5 kV and the
counterelectrode was 0.5 kV. The cone voltage was 35 V
and 60 V for the experiments of CID in h and in-source
CID, respectively. Mass scan rate was 400 Th/s with 8
data points acquired per Th.
For in-source CID, the derivatized peptides were
eluted from the Vydac column without splitting di-
rectly into ESI source at a flow rate of 30 mL/min. Only
the first quadrupole (Q1) was employed with a cone
voltage of 60 V and a mass scan range m/z of 50 to 1150.
All other general parameters remained the same as
above. For CID in h, two different experiments were
conducted. In the first experiment, the HPLC purified
[2H3(50%)]DNP peptide (;10 mM) was infused into the
mass spectrometer via the syringe pump at a flow rate
of 3 mL/min. The cone voltage was 35 V, which was
optimized for maximizing the doubly charged precur-
sor ion abundance. Q1 was set at lower mass resolution
and selected the ions with the average m/z of 545.2,
allowing both doubly charged precursor ions (m/z 544.8
and 546.3) to pass into h at the same time. The collision
energy was 50 eV. Argon was used as the collision gas
at a pressure of 0.2 mtorr. The resulting product ions
from both precursor ions were scanned by the second
quadrupole (Q2, set at unit resolution) to generate a
single mass spectrum. In the second experiment, the
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only difference is that doubly charged precursor ions
(544.8 and 546.3) were alternately selected by Q1 (set at
unit resolution) and introduced into h. The product ion
mass spectra from each of the precursor ions were
collected in separate channels. The two spectra were
then superimposed.
Results and Discussion
The purpose of this study is to demonstrate that DNFB
serves as an isotopic derivatizing agent that specifically
labels the N-terminal a-amino group of a peptide, and
assists in the assignment of its sequence. The fragmen-
tation of the protonated molecules results in the N-
terminal product ions (a, b, c series) being observed
with a characteristic isotopic pattern. The product ions
with the characteristic isotopic pattern generates an
easily read “ladder,” greatly simplifying the sequencing
of the peptide. DNP and [2H3]DNP with a Dm of 3 have
been used as derivatizing agents because of their avail-
ability, ease of peptide derivatization, and favorable
mass spectral properties. VHLTPVEK was used as a
model tryptic peptide. The mass spectrum of
[2H3(50%)]DNP-VHLTPVEK shows two major peaks,
the singly charged ions ([M 1 H]1) and doubly-charged
ions ([M 1 2H]21) (Figure 1). Besides the mass shift
(1167/170 for DNP/[2H3]DNP) of molecular ions due to
DNP derivatization at the N-terminus, both derivatized
molecular ions ([M 1 H]1 and [M 1 2H]21) are doublets
at m/z of 1088.3/1191.3 (Dm/z 5 3, z 5 1) and at m/z of
544.8/546.3 (Dm/z 5 1.5, z 5 2), respectively. The dou-
blets are due to the isotopic distribution of DNP and
[2H3]DNP. Fragmentation of the precursor ions was
achieved by two ways, in-source CID or CID in h.
Fragmentation by In-Source CID
The fragmentation of peptides can be obtained by using
an elevated cone voltage to allow analyte molecular
ions to collide with gases at atmospheric pressure in the
ion source region [14]. Because the ion source cannot
select the precursor ions of interest, all of the ions
present in this region will be fragmented at the same
time. Thus, very pure samples must be used to permit
confident assignment of product ions. In-source CID
has been used to study product ions of pure peptides by
on-line LC-MS [15]. In this study, [2H3(50%)]DNP-
VHLTPVEK was eluted from the Vydac column and
introduced into the ESI source directly without split-
ting. The mass spectrum, obtained at a cone voltage of
60 V, of [2H3(50%)]DNP-VHLTPVEK is shown in Figure
1, confirming the purity and the identity of the singly
labeled [2H3(50%)]DNP peptides. Besides the proton-
ated molecules of m/z 1088.3/1191.3 (z 5 1) and 544.8/
546.3 (z 5 2), all the other ions were identified as
product ions generated from in-source CID of the
peptides. This spectrum permits the unambiguous
identification of the product ions containing the N-
terminus by their characteristic isotopic doublets. Also,
based on the Dm/z of the doublets, the charge state of
the peaks can be readily identified. Tracing the ladder
ions of the N-terminal doublets (a, b, c series), the
peptide sequence can be easily elucidated. The doublets
appearing in the in-source CID spectrum are 238/241,
343.7/345.2, 375/378, 403/406, 486/489, 516/519, 589/
592, 599/602, 617/620, 714/717, 785/788, 813/816, 914/
917, and 942/945, corresponding to a1, a5
21, a2, b2, a3,
b3, a4, b4-H2O, b4, b5, a6, b6, a7, b7, respectively (Figure
1). No c ions are observed under the experimental
conditions. Starting from the fourth residue threonine,
b-H2O peaks are observed due to the loss of H2O from
the side chain of threonine. Figure 1 inset reveals some
important points. The ion designated as a5
21 is con-
firmed as a doubly charged ion because of a Dm/z of 1.5.
A2 with a Dm/z of 3 is singly charged showing better
resolution. The intensity of the first peak of the a2
doublet is higher than it should be according to the
DNP: [2H3]DNP ratio, because it is actually the sum of
a2 and y3. On the other hand, the C-terminal ions (x, y,
z series) and internal acyl ions and immonium ions
contain no [2H3]DNP; thus, they are not affected by the
isotopically labeled N-terminus and appear as singlets.
These ions include y1–y7, some z ions, immonium ions,
and internal acyl ions, but no x ions. The observed ions
are fully consistent with the known sequence. The
presence of complete series of both N-terminal and
C-terminal ions indicates that DNP derivatization is
compatible with CID sequencing of peptides.
The mass resolution under the described conditions
does not allow the differentiation of a doublet with a
charge status more than 2, as a pair of peaks with a
Dm/z # 1 cannot be resolved well. For larger peptides,
multiple charging occurs frequently. However, this
problem can be easily overcome by modifying the
derivatizing agent using 15N-nitric acid to nitrate
[2H5]fluorobenzene, providing an isotopic Dm of 5 Da.
This Dm is large enough to permit triply and quadruply
charged doublets to be identified.
Figure 1. In-source CID mass spectrum of [2H3(50%)]DNP-
VHLTPVEK. Signals marked by asterisk (*) correspond to a or b
series ions. All these ions gave doublet peaks, such as a2 with a
Dm/z of 3 and a5
21 with a Dm/z of 1.5 (inset).
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Fragmentation by CID in h
CID in h is commonly employed to sequence peptides.
In this study, the [M 1 2H]21 ions (544.8/546.3) were
selected for MS/MS analysis because their intensity was
higher than the [M 1 H]1 ions (1088.3/1091.3). Two
methods of selecting precursor ions were compared for
CID in h analysis (see Experimental). Very similar
results in terms of sensitivity and resolution were
obtained for both methods. However, the method of
alternately selecting each ion has the advantage over
selecting the average m/z ion in Q1 because the two
spectra collected separately can be superimposed (Fig-
ure 2) to distinguish the real doublets from false dou-
blets. For real doublets, each trace contributes one half
of the doublets, whereas for false doublets, both traces
contribute both peaks of the doublets. For example,
product ions 166/169 were presumably due to the
isotopic labeling; however, both ions were present in
both traces, as shown in the left inset of Figure 2. This
observation indicated that the ion pair 166/169 did not
include the [2H3(50%)]DNP. The right inset of Figure 2
clearly shows that each trace only contributes one peak
of the doublets (b4-H2O, b4). By examination of the
product ions of the doubly charged precursor ions 544.8
and 546.3, a similar set of N-terminal derived ladder
ions has been easily found due to their appearance as
characteristic isotopic doublets. They are a1, a5
21, a2, b2,
a3, b3, b4-H2O, b4, b5, b6, b7 (Figure 2).
Comparison of In-Source CID and CID in h
Comparing Figures 1 and 2, it is obvious that in-source
CID generates more product ions, such as a4, a6, and a7,
which are not observed in Figure 2. Also, the product
ions of in-source CID show better resolution and higher
sensitivity than those of CID in h. A partial comparison
of both fragmentation methods is shown in Figure 3.
Using in-source CID with on-line LC-MS has the poten-
tial to simplify the analysis procedure by shortening
analysis time, reducing sample requirements, and pro-
viding superior resolution and sensitivity. This method
could be very useful in sequencing tryptic peptides of a
protein by LC-ESI-MS when good separation of the
peptides is achieved. However, CID in h has its unique
advantage of selectivity for use with impure samples or
co-eluting peptides.
Comparison of Fragmentation of Derivatized and
Nonderivatized Peptides
A comparison of product ion sensitivities obtained from
CID in h for both VHLTPVEK and [2H3(50%)]DNP-
VHLTPVEK is summarized in Table 1. The suitable
collision energy for the former (15 eV) is lower than that
for the latter (50 eV). This difference suggests that the
Figure 2. CID in h mass spectra of doubly charged precursor
ions 544.8 and 546.3 doublet. The product ion mass spectra from
each of the precursor were collected alternately in separate chan-
nels. The two spectra were then superimposed. The product ion
pattern is identical to those observed in Figure 1. From the left
inset, the fact that ion pair m/z 166/169 appear in both traces
suggests these ions are not N-terminal ions. From the right inset,
in contrast, the fact that ion pair m/z 617/620 show in different
trace indicates they are N-terminal ions.
Figure 3. Comparison of (A) in-source CID and (B) CID in h in
expanded range. In-source CID clearly shows better resolution
and sensitivity.
Table 1. Comparison of b and y product ion relative intensities
normalized to the corresponding y1 ions of VHLTPVEK [M 1
2H]21 (m/z 5 462) and DNP-VHLTPVEK [M 1 2H]21 (m/z 5
544.8)
Sequential
#
b ions y ions
VHLTPVEK
(%)
DNP-
VHLTPVEK
(%)
VHLTPVEK
(%)
DNP-
VHLTPVEK
(%)
1 35.0* 100 100
2 255 90.1*/230 26.5 49.3
3 37.2 41.9 4.3 19.4
4 9.9 121 39.3 97.0
5 7.4 24.4 29.8 81.3
6 3.6 10.1 69.6 44.9
7 2.0 4.6 137 23.3
*a ions.
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nonderivatized peptide is more readily fragmented. It
was also noted that y ions are the predominant prod-
ucts. However, for [2H3(50%)]DNP-VHLTPVEK, the b
and y ion series are of comparable intensity, with higher
relative intensities of the b ions than those of VHLT-
PVEK. Furthermore, because of the doublet pattern, b
ions of [2H3(50%)]DNP-VHLTPVEK are even more eas-
ily identified. So, for this peptide, derivatization with
[2H3(50%)]DNP has the advantage of enhancing and
distinguishing the N-terminal ions. Another advantage
of using derivatization is that the mass of the a1 ion is
shifted away from the considerable number of interfer-
ing ions in the low-mass region (m/z , 100).
N-Terminal Derivatization
The nitration of [2H5]fluorobenzene is nearly quantita-
tive and does not exchange the aromatic deuterons with
the acid solvent protons. It has been evidenced that at
neutral pH, DNFB essentially derivatizes only the
a-amino group of hemoglobin but not the e-amines of
the lysines, or the imidazole of histidines, or thiol group
of cysteines [16–17]. It is consistent with our findings by
high performance liquid chromatography (HPLC) and
mass spectra that DNFB labeled only the a-amino
group (yield 80% for 5 min reaction) but not the e-amine
of lysine or the imidazole of histidine for VHLTPVEK.
In general, the phenolic hydroxyl group of tyrosine
may potentially be derivatized. Because the pKa of
this group is much higher than the derivatization pH
of 7, it is assumed that the yield of O-DNP-tyrosine at
neutral pH is negligible. Even if side chain derivati-
zation occurs, thiolysis can readily remove DNP from
the side chains of histidine, cysteine, and tyrosine
[18]. The singly derivatized [2H3(50%)]DNP peptides
are easily differentiated from any doubly labeled
di-[2H3(50%)]DNP-peptides that may be formed, be-
cause any peptides containing two [2H3(50%)]DNP
tags would appear as 1:2:1 [M 1 H]1:[M 1 H 1 3]1:
[M 1 H 1 6]1 triplets in the mass spectrum. The
characteristic UV spectrum of the DNP peptide facil-
itated its identification and quantitation during puri-
fication by standard HPLC procedures.
Conclusion
The described peptide sequencing method, i.e., chemi-
cal derivatization with [2H3(50%)]DNFB combined with
MS, has been demonstrated to permit the assignment of
the product ions (doublets for N-terminal ions while
singlets for C-terminal ions as well as internal acyl and
immonium ions) by visual inspection. This method can
be used to examine synthetic peptide sequences as well
as be applied to tryptic peptides of proteins to confirm
their sequences and to identify mutations and post-
translational modifications.
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